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•  Synchrotron-based 

•  Raster screens 

•  Fine slicing 

•  X-ray free-electron lasers 

•  Serial femtosecond crystallography 

•  In-situ crystals 

•  Single particles 

Pixel	  array	  detectors	  are	  revolu1onizing	  the	  experiment	  

6M 

2M 

Sol Gruner (2010) IEEE Trans Nuc Sci, 57: 3795  

Dectris Ltd. 



•  Bragg spot size and shape 

•  Lattice phenomena 

Detailed	  modeling	  of	  diffrac1on	  phenomena	  

Lattice-translocation disorder 
Yeates (2009) Acta D65: 980 

Incommensurate modulation 
Lovelace (2008) J Appl Cryst 41: 600 
Porta (2011) Acta D67: 628 

Order-disorder twinning 
Dauter (2009) Acta D65: 906 



Observa1on	  of	  mul1ple	  la=ces	  

Michael Bogan, SLAC Aishima (2010) Acta D66:1032 



Common aims, separate grant proposals and funding sources: 

•  LBNL, Nick Sauter: NIGMS R01-GM095887 

•  EU, Gwyndaf Evans: BioStruct-X Work Package 6: contract 283570 

General agreement on software management 

•  Open source; BSD-style license to allow distribution of derivative works 

•  Others can modify source code & contribute to the official version 

•  Manage and disseminate the improvements from others 

DIALS:	  Diffrac1on	  Integra1on	  for	  Advanced	  Light	  Sources	  
SoCware	  collabora1on	  between	  LBNL	  and	  BioStruct-‐X	  	  

LABELIT	  

PHENIX	  

cctbx.sf.net	  
Python	  /	  C++	  

DIALS	  

Olex2	  



cctbx.sf.net	  
Python	  /	  C++	  

CCTBX	  (Computa1onal	  Crystallography	  Toolbox)	  &	  data	  reduc1on	  

LABELIT	  

ccp4:	  
MTZ	  lib	  

CBF	  lib	  

Data	  Formats	  
ADSC,	  SMV	  
Rigaku,	  Raxis,	  D*Trek	  
Bruker	  
Rayonix,	  marIP	  
MacScience	  
Hamamatsu	  
CBF,	  Pilatus	  miniCBF	  

Image = ImageFactory(filename) 
Spots = Image.get_spotfinder() 
Tiles = Image.get_tile_manager() 
Graphics = Image.get_flex_image() 

Univ.	  of	  Maryland	  
Approximate	  

Nearest	  Neighbor	  library	  

Unit	  cells	  

Arrays	  
Linear	  algebra	  

Structure	  
factors	   Space	  group	  

symmetry	  

wxPython	  

HDF5	  

matplotlib	  

from mod_python import apache 
log = spotfinder…signal_strength() 
request.write(log) 
return apache.OK 

#pyana: XFEL data stream 
class mod_spotfinder: 
  def beginjob() 
  def event() 
  def endjob() 

pyCUDA	  

spotfinder 
server 



Code	  repository	  at	  Sourceforge	  



Toolkit	  collabora1on:	  	  Nightly	  build	  &	  test,	  plaWorms,	  bundles	  



SoCware	  needs	  to	  be	  fast	  for	  high	  volume	  work	  
Scope:  Potentially be 1000 images to score @ 0.2sec/image 

Solution:  Multiprocessing server 
handles concurrent requests.   
Sauter (2011) Comp. Cryst. Newsl. 2: 93. 

Server	  

$5K; 32GB RAM 

Thin	  client	  

The normal spotfinding process takes ~3 seconds 
• 0.5 sec Loading the program 
• 0.7 sec Network file read 
• 1.5 sec Classify pixels & apply heuristics 

Final throughput: 
146 s: 3600 Pilatus-2M images (41ms) 24 processors 
60 s: 720 Pilatus-6M images (83ms) 20 processors  

<spotfinder>!
  <file_name> I3_1_0001.cbf </file_name>!
  <total_spots> 710 </total_spots>!
  <good_spots> 639 </good_spots>!
  <resolution> 1.487 </resolution>!
  <mean_isigi> 25.749 </mean_isigi>!
  <integrated> 740028.667 </integrated>!
  <status> OK </status>!
</spotfinder>!

http://localhost:8125/spotfinder/distl.signal_strength_bcsb?distl.image=I3_1_0001.cbf!

from mod_python import apache 
log = spotfinder…signal_strength() 
request.write(log) 
return apache.OK 



Mul1processing	  &	  real	  1me	  results	  

…Although we interact with the “offline” file-based data, we can still display experimental 
progress in near-real-time…Hitfinder is complete after 620 seconds.   
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Data acquisition system 

XTC files (raw data) 
--serialize all data & metadata 
--not random access 
--no compression  

 Pyana (Python / C++)   Python multiprocessing  CCTBX Spotfinder (6 x 11 = 66 processors) 

340 s 
40800 
diffraction 
images  



Python-‐based	  image	  viewer	  

…can be accessed from the PHENIX interface, or from the open source CCTBX download 

Nat Echols (2012) 
Comp. Cryst. 
Newsl. 3:14. 

phenix.image_viewer dhfr_001.img!



Slip	  viewer	  &	  the	  fleximage	  class	  

•  Developer-oriented colored markup 

•  Google-like mouse navigation 

•  Sub-pixel tile precision 

•  Display tilted detector tiles  

•  Fast response—cache ahead 

•  Lab space mapping: represent 
cylindrical or spherical detectors 

•  PySlip code–credit to Ross Wilson 
http://code.google.com/p/pyslip  

rstbx.image_viewer thermo_1_001.img!



A	  Python-‐based	  data	  reduc1on	  toolbox	  

•  Ashley Deacon collaboration (2011) 

•  Pre-existing toolset is extensive 
•  spot picking, background fitting (Spotfinder) 
•  autoindexing (Labelit) 
•  nearest neighbors (U. Maryland ANNlib) 

•  Initial target: 

•  still images, marccd 

•  simple integration by standard pixel summation 
techniques (2D masks) 

•  use empirically chosen integration masks from 
nearby Spotfinder spots 

•  avoid treating overlaps; integrate only well-
separated spots 

•  choose same-frame background pixels around 
the Bragg signal 

  Spotfinder pixels 
  Signal mask 
  Background mask 



XFEL	  data	  processing:	  sub-‐pixel	  metrology	  correc1on	  

(Observed – Predicted) spot positions, entire run, one tile 

pixels 

pi
xe

ls
 



Applica1on	  to	  synchrotron	  datasets	  

•  BioStruct-X WP6 informal collaboration (2012) 
•  Graeme Winter (Diamond) 
•  David Waterman (CCP4) 

•  Properly model the rocking curve and Lorentz-polarization corrections: 
•  battlefield-tested model (Greenhough & Helliwell, 1982) 



BPCX 

•  Integrate 450 frames (90°) rotation data from thaumatin (P 41212) @ 1.2Å  
•   0.2° phi frames; ~0.2° mosaicity 
•   Pilatus-2M detector 

•  XDS: 3D-profile fitting 
DIALS: simple summation 
…use same xtal orientation file 

•  Compare intensities prior to  
Lorentz/polarization correction; 
no scaling or sym-equivalent 
merging 

•  c.c. = 99.5% 
Rscale = 5.1% 

•  Current: SpotsIndexing 
Positional refinementIntegration 
Merging 

•  Next few months: 3D profiles 

Direct	  comparison	  with	  XDS	  

Integrated Intensities (Partials summed) 

XD
S 
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